Introduction
Kawasaki disease is a kind of systemic vasculitis that mainly damages moderate and smallsized blood vessels, especially the coronary artery, occurring mainly in children younger than 5 years old. 1 The most serious complication of Kawasaki disease is coronary artery lesions (CAL), including coronary artery dilation, aneurysms, or fistula formation. Additionally, CAL is the leading cause of death in children with Kawasaki disease. 2, 3 Although Kawasaki disease is a self-limiting disease in most patients, there have been reports that up to 25% of Kawasaki disease patients will develop CAL if not given treatment with intravenous immunoglobulin (IVIG) and aspirin. Therefore, Kawasaki disease is recognized as a leading cause of acquired heart disease in children in developed countries. 1 So far, the first line treatment for Kawasaki disease is high-dose IVIG in combination with oral aspirin. The acute phase of Kawasaki disease is thought to involve Drug Design, Development and Therapy 2018:12 submit your manuscript | www.dovepress.com
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Pi et al platelet activation; therefore, antiplatelet therapy is a routine component of Kawasaki disease treatment strategies. 4, 5 Aspirin has been administered in Kawasaki disease treatment for decades. Low-dose aspirin (3-5 mg/kg/day) is recommended to prevent platelet activation and aggregation. 6, 7 The antiplatelet effects of aspirin for healing endothelial dysfunction and preventing clot formation are necessary for decreasing the occurrence of coronary artery complications. However, the antiplatelet effect of aspirin displays considerable individual biological variability, which probably results from several different mechanisms. 8, 9 So it is necessary to evaluate the antiplatelet effect of aspirin.
Reticulated platelets represent a fraction of immature circulating platelets that are newly released from the bone marrow and whose larger surface area and increased granules and nucleic acid content has been linked to higher activation. 10 The immature platelet fraction (IPF) is a parameter that similarly represents platelet turnover in the bloodstream; displays a good correlation with the rate of reticulated platelets; and allows for a more reproducible, cheaper, and precise measurement. 11, 12 In the last decade, IPF has attracted particular attention because of its influence on the antiplatelet effect of aspirin. 13, 14 A higher level of IPF means a larger amount of immature, reticulated platelets with increased hemostatic potential in the blood. 14 Previous studies have revealed the relationship between IPF with premature coronary artery disease, acute cardiovascular events, and impaired response to antiplatelet agents. [15] [16] [17] 11-dehydrothromboxane B 2 (11-DH-TXB 2 ), the end-product of the TXA 2 pathway, has been regarded as a marker of aspirin activity and cited as one of the most reliable means for assessing an individual's response to aspirin. Furthermore, both circulating soluble P-selectin (sP-selectin) and soluble CD40 ligand (sCD40L) expression are recognized as markers of platelet activation and storage lesion.
Therefore, the goal of the present study was to compare these markers in Kawasaki disease patients with CAL to those without CAL, and to demonstrate the value of them in evaluating the degree of vasculitis and the effect of antiplatelet therapy in Kawasaki disease. Moreover, this study demonstrated the mechanism by which increased IPF, 11-DH-TXB 2 , sP-selectin, and sCD40L decreased the antiplatelet effect of aspirin during therapy.
Ethics approval and consent to participate
This study was performed with the approval of the Institutional Committee of Guangzhou Women and Children's Medical Center (2014073009). All the participants gave written informed consent.
Materials and methods study population
We enrolled patients with Kawasaki disease from Guangzhou Women and Children's Medical Center in China. The study group included 44 Kawasaki disease patients (29 males and 15 females), all of whom met the criteria proposed by the Japanese Kawasaki Disease Research Committee. 12 These patients were treated with oral aspirin and 1 or 2 g/kg of IVIG after admission. All IVIG non-responders were excluded from the research. The dose of aspirin was 30-50 mg kg -1 day -1 when the patients had a fever and changed to 3-5 mg kg -1 day -1 when the patients became afebrile. In addition, 23 sex-and age-matched healthy children were used as healthy controls. Written consent to participate in the study was obtained from all the patients' guardians as their representatives. Echocardiography was obtained within 2 weeks of the disease onset. CAL were defined as coronary vessels with an internal diameter $3.0 mm in a child aged younger than 5 years or greater than 4.0 mm in those aged 5 years and older, using Japanese diagnostic guidelines. 1 Patients were divided into two groups according to the presence of CAL: 21 patients with CAL and 23 patients without CAL. According to the coronary vessels' internal diameter, patients with CAL were divided into small coronary artery aneurysm (,5.0 mm), middle coronary artery aneurysm (5.0-8.0 mm), and large coronary artery aneurysm (.8.0 mm). 1 This study obtained the approval from the Ethics Committee of the Guangzhou Women and Children's Medical Center. All participants gave written informed consent for this study.
sample collection and clinical examination
For each patient, 2 mL of venous blood was collected into collection tubes containing Dipotassium EDTA (1.5 mg/mL) before and 7 to 14 days after aspirin treatment. Total blood cell counts were analyzed within 2 h of sampling by an automatic blood cell counter (Sysmex XE-5000, Sysmex, Kobe, Japan). Absolute immature platelet fraction counts (IPF # ) were obtained, the percentage of immature platelet fraction (IPF%) was calculated as the percentage of IPF # to the total platelet counts (PLTs) (H-IPF represents the percentage of highly fluorescent immature platelet fraction to the total PLTs), and other platelet related parameters were established by a fully automated sorting system (forward light scatter vs fluorescence scatter plot) using the Sysmex XE-5000 instrument. Then, the blood samples were centrifuged at 2,500 rcf for 10 min to yield the platelets' free plasma, which was stored at -80°C until the concentrations of 11-DH-TXB 2 , sCD40L, and sP-selectin were assayed by 
Biochemical measurements
Concentrations of 11-DH-TXB 2 , sCD40L, and sP-selectin were determined in the plasma by commercially available quantitative ELISA according to the manufacturer's instructions. In brief, 40 µL of plasma was used for each of the 11-DH-TXB 2 , sCD40L, and sP-selectin measurements. All the samples were assayed in duplicate. After addition of the sample or standard, in every 11-DH-TXB 2 , sCD40L, and sP-selectin plate, 50 µL of horseradish peroxidase conjugated antibody was added to all the wells, and the plates were incubated at room temperature for 1 h. After the incubation, the wells were washed five times with approximately 400 µL of wash buffer. After all the liquid was removed, 100 µL of tetramethylbenzidine solution was added to each well for color development, and the plates were incubated in the dark at room temperature for 30 min. When the color development was complete, 50 µL of stop solution was added to each well, and the plate was read within 15 min on a spectrophotometer using 450 nm as the primary wavelength. The mean optical densities were converted to concentrations using a standard curve run for each individual plate.
statistical analyses
Statistical analysis was performed with SPSS software for Windows (Statistical Package for Social Sciences [IBM Corporation, Armonk, NY, USA] Version 22.0). All the values are presented as the mean ± SD or as the frequency (percentage). The Wilcoxon rank sum test was used to test for differences between the Kawasaki disease cases and the healthy controls for continuous variables, and the Pearson χ 2 test was used to test for differences between the groups for categorical variables. Paired t-tests were used to test for differences in the percentage of IPF before and after aspirin treatment.
Results
Demographic characteristics of the patients studied
During the study, 44 Kawasaki disease patients from the Guangzhou Women and Children's Medical Center were successfully recruited for participation in the study and had the appropriate blood work done (Table 1) . According to the two-dimensional echocardiography, 21 patients were assigned to the CAL group and 23 to the non-coronary artery lesions (NCAL) group. During the same timeframe, 23 healthy individuals were recruited as the control group. The mean age and sex were similar for both groups.
changes in PlT, iPF # , h-iPF, and iPF% in each group of Kawasaki disease patients before aspirin treatment
The PLT was not significantly different in the NCAL group or the CAL group compared with the healthy controls (364.95±73.31)×10 9 /L, (338.67±68.24)×10 9 /L vs (334.04±56.79)×10 9 /L ( Figure 1A ). As shown in Figure 1B , the IPF # of the CAL group and the NCAL group were significantly higher than that of the healthy control group (7.15±2.87 vs 6.7±2.37 and 4.06±1.65). Moreover, H-IPF of the CAL group and the NCAL group were significantly higher than that of the healthy control group (0.72±0.574 vs 0.55±0.346 and 0.32±0.09) ( Figure 1C ). As shown in Figure 1D , the IPF% of the CAL group and the NCAL group were significantly higher than that of the healthy control group (1.85±0.89 vs 1.89±0.74 and 1.04±0.42); however, there was no significant difference in the mean side fluorescence intensity of platelet (PLT-X) between the CAL and NCAL groups compared with the healthy control group (15.07±1.53 vs 14.54±1.27 and 15.11±4.72) ( Figure 1E ).
Plasma concentrations of 11-Dh-TXB 2 , scD40l, and sP-selectin for each group of Kawasaki disease patients before aspirin treatment
The plasma concentration of 11-DH-TXB 2 in the CAL group was significantly higher than that in the NCAL group and the healthy control group (2,041.73±401.94 vs 1,601.96±386.59 ng/mL and 572.64±338.21 ng/mL) ( Figure 2A ). As shown in Figure 2B , the sCD40L was also Figure 2C ).
The variation of iPF # , h-iPF, and iPF% in each group of Kawasaki disease patients after aspirin treatment
The IPF related parameters were measured before and after aspirin treatment. In total, the patients without CAL undergoing aspirin treatment experienced a notable decrease. The IPF # and H-IPF were significantly higher in the NCAL group than in the healthy control group (6.7±2.37 vs 4.06±1.64 and 0.55±0.34 vs 0.32±0.09) and was significantly lower in the NCAL group after aspirin treatment than before aspirin treatment (4.88±1.94 vs 6.7±2.37 and 0.34±0.22 vs 0.55±0.34) ( Figure 3A and D) ; however, there was no significant difference in the IPF # and H-IPF between the CAL group after aspirin treatment and before aspirin treatment (6.74±2.85 vs 7.15±2.87 and 0.48±0.34 vs 0.72±0.57) ( Figure 3B and E). Furthermore, the IPF% was significantly higher in the NCAL group than that of the healthy control group (1.89±0.74 vs 1.04±0.42) and lower in the NCAL group after aspirin treatment than before aspirin treatment (1.14±0.51 vs 1.89±0.74) ( Figure 3G ). Additionally, there was no significant difference in IPF% between the CAL group after aspirin treatment compared to before aspirin treatment (1.85±0.89 vs 2.14±1.06) ( Figure 3H ). There was no significant difference in the PLT between the NCAL group and the CAL group after aspirin treatment (data not shown). The levels of IPF # , H-IPF, and IPF% were significantly higher in the CAL group than in the NCAL group after aspirin treatment (6.74±2.85 vs 4.88±1.94, 0.48±0.34 vs 0.34±0.22, and 1.85±0.89 vs 1.14±0.52) ( Figure 3C, F and I ).
Plasma concentrations of 11-Dh-TXB 2 , scD40l, and sP-selectin for each group after aspirin treatment As indices of platelet activation and the thrombogenesis state, we observed the expression of sCD40L and sP-selectin in Kawasaki disease patients. Among patients with CAL, there was no significant difference in the plasma concentrations of 11-DH-TXB 2 and sCD40L in patients whose treatment with aspirin was longer than 7 to 14 days compared with before aspirin treatment (1,845.59±358.15 vs 2,041.73±401.94 ng/mL and 21.11±2.67 vs 21.02±3.29 ng/mL) ( Figure 4B and E) . However, the concentrations of 11-DH-TXB 2 and sCD40L in the patients with NCAL who were treated with aspirin were significantly lower than before aspirin treatment (1,217.01±398.69 vs 1,601.96±386.58 ng/mL and 13.50±3.486 vs 17.78±3.23 ng/mL) ( Figure 4A and D) . The levels of 11-DH-TXB 2 and sCD40L were significantly higher in the patients with CAL than in the patients with NCAL after aspirin treatment (1,845.59±358.15 vs 1,217.01±398.69 ng/mL and 21.02±3.29 vs 13.5±3.48 ng/mL) ( Figure 4C and F) . Furthermore, the concentration of sP-selectin in the CAL and NCAL groups who were treated with aspirin was significantly lower than before aspirin treatment (25.48±3.97 vs 22.93±5.16 ng/mL and 19.07±3.44 Figure 3 The variations of iPF # , h-iPF, and iPF% in each group of Kawasaki disease patients before and after aspirin treatment. Notes: (A) The levels of iPF # before and after aspirin treatment in the ncal group, (B) the levels of iPF # before and after aspirin treatment in the cal group, (C) the levels of iPF # after aspirin treatment in ncal and cal group, (D) the levels of h-iPF before and after aspirin treatment in the ncal group, (E) levels of h-iPF before and after aspirin treatment in the cal group, (F) levels of h-iPF after aspirin treatment in ncal and cal group, (G) levels of iPF% before and after aspirin treatment in the ncal group, (H) levels of iPF% before and after aspirin treatment in the cal group, (I) levels of iPF% after aspirin treatment in ncal and cal group. P,0.05 was considered statistically significant; *P,0.05, **P,0.01, healthy control group vs ncal group or/and cal group; ¶ P,0.05, ¶ ¶ P,0.01 cal group vs ncal group. Abbreviations: iPF # , immature platelet fraction counts; H-IPF, percentage of highly fluorescent immature platelet fraction to the total platelet count; IPF%, percentage of immature platelet fraction; ncal, non-coronary artery lesions; cal, coronary artery lesions; hc, healthy control; ncal/asa, ncal group after aspirin treatment; CAL/ASA, CAL group after aspirin treatment; NS, not significant. 
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relationship between the plasma concentrations of 11-Dh-TXB 2 , scD40l, sP-selectin, immature platelets factors, and the degree of coronary artery damage in Kawasaki disease patients
There was a positive correlation between the plasma 11-DH-TXB 2 , sCD40L, and sP-selectin concentration and the degree of coronary artery damage in Kawasaki disease patients (r=0.382, P,0.01; r=0.541, P,0.01; r=0.551, P,0.01) ( Figure 5A-C) . Furthermore, the IPF and H-IPF were positively correlated with the degree of coronary artery damage in Kawasaki disease patients (r=0.447, P,0.01; r=0.508, P,0.01) ( Figure 5D and E), but there was no obvious correlation between the IPF% and the degree of coronary artery damage (r=0.31, P=0.54) ( Figure 5F ). Multivariate regression showed that 11-DH-TXB 2 , sCD40L, sP-selectin, IPF%, and H-IPF are significantly positively correlated with the degree of coronary artery damage (P,0.05) ( Table 2 ).
Discussion
In this study, our data showed that the plasma concentrations of 11-DH-TXB 2 , sCD40L, and sP-selectin in the CAL Figure 4 Plasma concentrations of 11-Dh-TXB 2 , scD40l, and sP-selectin in Kawasaki disease patients before and after aspirin treatment. Notes: (A) Plasma concentration of 11-Dh-TXB 2 before and after aspirin treatment in the ncal group, (B) plasma concentration of 11-Dh-TXB 2 in the cal group, (C) plasma concentration of 11-Dh-TXB 2 after aspirin treatment in ncal and cal group, (D) plasma concentration of scD40l before and after aspirin treatment in the ncal group, (E) plasma concentration of scD40l in the cal group, (F) plasma concentration of scD40l after aspirin treatment in ncal and cal group, (G) plasma concentration of sP-selectin before and after aspirin treatment in the ncal group, (H) plasma concentration of sP-selectin in the cal group, (I) plasma concentration of sP-selectin after aspirin treatment in ncal and cal group. P,0.05 was considered statistically significant; **P,0.01, healthy control group vs ncal group or/and cal group; ¶ P,0.05, ¶ ¶ P,0.01, ncal group vs cal group. Abbreviations: 11-Dh-TXB 2 , 11-dehydrothromboxane B 2 ; scD40l, soluble cD40 ligand; sP-selectin, soluble P-selectin; hc, healthy control; ncal, non-coronary artery lesions; CAL, coronary artery lesions; NCAL/ASA, NCAL group after aspirin treatment; CAL/ASA, CAL group after aspirin treatment; NS, not significant.
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immature platelets and antiplatelet therapy response group were significantly higher than that of the NCAL group. Furthermore, the levels of IPF # , H-IPF, and IPF% were also significantly higher in the CAL group than in the NCAL group after aspirin treatment, which positively correlates with the degree of coronary artery damage in Kawasaki disease patients after low-dose aspirin treatment. In Kawasaki disease patients, elevated 11-DH-TXB 2 , sCD40L, and IPF levels before aspirin treatment, which cannot be reduced by antiplatelet therapy, indicate an increased risk of developing CAL.
11-DH-TXB 2 is the metabolite of TXB 2 , and the plasma level of 11-DH-TXB 2 has been suggested to be an indicator of TXA 2 production in humans. [18] [19] [20] Aspirin activity and antiplatelet action can be evaluated by measurement of the end-products of the TXA 2 pathway, such as 11-DH-TXB 2 . The 11-DH-TXB 2 levels also reflect the amount of TXA 2 derived from other sources besides platelets, such as macrophages and monocytes. 21 Santilli et al demonstrated a dose-dependent effect of aspirin on the 11-DH-TXB 2 levels in patients with stable coronary artery disease. 22 Chaudhary et al found that statin with high-dose aspirin therapy was associated with a reduction in urinary 11-DH-TXB 2 levels in diabetic patients, indicating that urinary 11-DH-TXB 2 levels may be a marker to determine the anti-inflammatory effect for therapy. 23 In the present study, we found that the plasma 11-DH-TXB 2 concentration in the CAL group was significantly higher than that of the NCAL group. Moreover, it was significantly higher in patients with CAL than Figure 5 relationship between the concentrations of 11-Dh-TXB 2 , scD40l, sP-selectin, and iPF related results and the degree of coronary artery damage in Kawasaki disease patients. Notes: correlation between degree of coronary artery damage and the plasma concentrations of 11-Dh-TXB 2 (A), scD40l (B), and sP-selectin (C) in Kawasaki disease patients. correlation between degree of coronary artery damage and the levels of iPF # (D), h-iPF (E), and iPF% (F) in Kawasaki disease patients. The Kawasaki disease patients were divided into four subgroups according to the degree of coronary artery damage: ncal (n=23); cal (n=17); scaa (n=2); Mcaa (n=2). Abbreviations: 11-Dh-TXB 2 , 11-dehydrothromboxane B 2 ; scD40l, soluble cD40 ligand; sP-selectin, soluble P-selectin; iPF, immature platelet fraction; iPF # , immature platelet fraction counts; H-IPF, percentage of highly fluorescent immature platelet fraction to the total platelet count; IPF%, percentage of immature platelet fraction; ncal, non-coronary artery lesions; cal, coronary artery lesions; scaa, small coronary artery aneurysm; Mcaa, medium coronary artery aneurysm. 
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The immature platelets retain the megakaryocyte-derived RNA and the molecular machinery necessary for translation, as such, they are capable of augmenting protein synthesis on platelet activation, 24 and are more capable of collagen-induced aggregation and thrombin generation when compared with older counterparts. [25] [26] [27] [28] Moreover, immature platelets have a greater propensity for thrombus formation. 29 Accumulating evidence revealed that Kawasaki disease is associated with a higher IPF compared with that of healthy controls, which is higher in Kawasaki disease patients with CAL than in those without CAL. Another principal observation of this study is that the aspirin treatment of Kawasaki disease patients resulted in a reduction of the counts and percentages of IPF in the NCAL group, but not in normalization. These combined observations suggest that high IPF is caused, at least in part, by Kawasaki disease, which reflects the high platelet turnover. H-IPF represents the percentage of highly fluorescent platelets with a major amount of m-RNA within the IPF, which are the more active ones in immature platelets, and may be a useful marker of platelet activity. Reticulated platelets represent the fraction of immature circulating platelets whose larger surface area and increased granule content make more of a contribution to the secretion of sP-selectin and circulating sCD40L. Therefore, the increased counts and percentages of IPF could be explained, at least in part, by the higher level of sP-selectin and circulating sCD40L in Kawasaki disease patients. P-selectin (CD62P, GMP-140), an adhesive glycoprotein integral to the membrane of alpha granules of platelets and the Weibel-Palade bodies of endothelial cells, has long been seen as a marker of platelet secretion and activation in vitro. It is mobilized to the cell surface upon alpha granule exocytosis and cleaved to generate sP-selectin, which mediates several early processes in inflammatory cell adhesion and induces a procoagulant state.
30 CD40 ligand is a trimeric transmembrane protein, a member of the tumor necrosis factor family, which is found in a variety of cell types, including endothelial cells, smooth muscle cells, monocytes, and macrophages; however, it is predominantly released into the blood stream from the activated platelet membrane surface as a soluble form, called sCD40L. 31, 32 Circulating sP-selectin and sCD40L are believed to be derived predominantly from activated platelets and hence may reflect the platelet activation condition. 33, 34 As such, they are considered biomarkers of platelet activation that have been associated with cardiovascular events. 31, 34, 35 In the present study, we found that the sCD40L and sP-selectin levels were much more elevated in the CAL group than those in the NCAL group. Furthermore, the concentrations of sP-selectin and sCD40L in the NCAL group were significantly lower after aspirin treatment. However, the levels of sCD40L were also significantly higher in patients with CAL after aspirin treatment. Meanwhile, the level of sCD40L positively correlates with the degree of coronary artery damage in Kawasaki disease patients. This suggests that the presence of high plasma sCD40L concentration can be considered a risk factor and experimental biomarker for CAL in Kawasaki disease patients.
Some limitations of the present study must be acknowledged. First, the sample size in the current study is still not large enough. Multicenter studies with larger sample sizes are needed to verify the correlation between plasma 11-DH-TXB 2 , sCD40L, and sP-selectin concentration, parameters relative to IPF, and the degree of coronary artery damage in Kawasaki disease.
Conclusion
In summary, the results of the current study provide evidence that levels of 11-DH-TXB 2 , sP-selectin, and sCD40L were much more elevated in the CAL group than those in the NCAL group of Kawasaki disease patients. Additionally, our evidence indicates that higher plasma 11-DH-TXB 2 , sP-selectin, and sCD40L concentrations after aspirin treatment in Kawasaki disease patients are related to the degree of coronary artery damage in these patients. The elevated 11-DH-TXB 2 and sCD40L levels and counts and percentages of IPF, which cannot be reduced by antiplatelet therapy, indicate an increased risk for developing CAL in Kawasaki disease patients. In conclusion, the presence of high plasma levels of 11-DH-TXB 2 , sCD40L, sP-selectin, and IPF can be considered risk factors and biomarkers for CAL in Kawasaki disease patients.
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